In the United States young men who have sex with men have higher rates of substance use, higher HIV incidence, and less frequent HIV testing than their heterosexual counterparts and older MSM. Less is known about comparable populations in Latin America. As part of an epidemiological study, MSM were recruited through Respondent Driven Sampling in the metropolitan area of Buenos Aires, Argentina and answered a computerized behavioral survey. From the total of 500 MSM enrolled, a sub-sample of 233 aged 18-25 was analyzed. The sample was concentrated among lower socioeconomic strata, and only 16% identified as gay. Nearly half reported male, female, and transvestite sexual partners. Reported substance use was widespread ranging from 61% for marijuana to 20% for pasta base (cocaine sulfate). Seventy percent of the sample had never been tested for HIV infection; 3% tested positive for HIV and 8% for syphilis during the study.
Introduction
Research in the U.S. has revealed high rates of alcohol and drug use among young men who have sex with men (YMSM) [1] , and a disproportionate risk of substance use compared to their older MSM peers [2] and their heterosexual counterparts [3] [4] [5] [6] . In a study of 814 YMSM aged [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] in six U.S. cities [7] , respondents reported high rates of use of marijuana (58.6%), poppers (28.9%), cocaine (26.4%), amphetamines (18%), and hallucinogens (39.6%) as well as heavy drinking (13.8%). In another study of 3492 YMSM in seven U.S. cities, 66% of the 15-to 22-year-olds reported illicit drug use in the 6 months prior to the interview, 29% used drugs once a week or more, and 28% reported polydrug use [8] . Among YMSM, risk factors for substance use include physical and/or sexual abuse [8] , sexual identity [8] [9] [10] , degree of "outness" [8] , mental health [10] [11] [12] , and discrimination [8, 11] , while loneliness has also been correlated with substance use among adult MSM [13] [14] [15] .
High rates of alcohol and drug use raise concerns not only about substance abuse sequelae but also for its association to HIV risk behavior [16] [17] [18] [19] [20] [21] [22] [23] [24] . Data from the 2008 National HIV Behavioral Surveillance System (NHBSS) conducted in 21 cities showed 10.5% HIV prevalence among MSM respondents ages 18-24 [17] . Similarly, in a multiyear analysis of infection rates in New York City, HIV incidence among MSM under 30 was 70% higher than among those 30 and older; for very young MSM (under 20), incidence was over twice that of the overall MSM sample (5.7 vs. 2.4 per 100 person-years) [25] .
Low rates of HIV testing among this population are another concern. Although at least annual HIV testing is recommended for sexually active MSM, in the six-city U.S. study reported by MacKellar et al. [26] , 41% of the 439 YMSM with unrecognized HIV infection had not tested within the past year. Self-reported testing in the past 12 months among YMSM in the NHBSS ranged from 43 to 72% in the years 1994-2011, leveling off at approximately 60% in the last 5 years of reports [27] . Sumartojo et al. [28] found lowest testing rates among YMSM who reported highrisk sex with non-main partners. In the Explore study 680 of the 1562 HIV-infected MSM (44%) were unaware of their infection; for younger MSM, approximately 75% were unaware of it [27] .
The confluence of high rates of substance use, high HIV risk behavior, high prevalence and incidence, and low rates of HIV testing among YMSM in the U.S. have led to calls for programs and research directly focused on this population, as reversing these trends will be essential for meeting the 90-90-90 goals established by UNAIDS to help end the AIDS epidemic.
YMSM in Low and Middle Income Countries
Although a substantial body of literature has emerged regarding substance use among YMSM in the U.S., reporting on this population from low-and middle-income countries (LMICs) is scant [29] . While age is often included as a co-variate in statistical analyses, no studies to date have provided a comprehensive assessment of the HIV-risk-related behaviors of YMSM in any Latin American country. As a result, there is little knowledge of HIV prevalence, risk factors, and testing patterns among YMSM in this region of the world.
Findings from the limited literature that exists in LMIC outside of Latin America reveal high rates of HIV and other STIs among YMSM; for example, Wei et al. [30] found that in four Chinese cities prevalence of HIV was 6.7%, syphilis 8.3% and concurrent HIV/syphilis 1.5%. A Russian study found that 17% of YMSM in St. Petersburg had an STI (syphilis 10%, Chlamydia 4.8%, gonorrhea 2.4%) and that over 64% of men had engaged in recent condomless anal intercourse, including 30% with casual partners [31] . Jacobson et al. [32] pooled results from surveys in nine Latin American cities (n = 1410) for which researchers had used Respondent-Driven Sampling (RDS) for recruitment. They found overall HIV prevalence among YMSM to be 4.6% (95% CI 3.2-6.5%) in the pooled sample with variations from 2.7% in Buenos Aires, Argentina to 9.3% in San Pedro Sula, Honduras.
HIV testing rates among YMSM in LMICs is another underexplored area. In one of the few studies done to date, Johnston et al. [33] found wide disparities between the two major cities of Thailand in which 74.1% of YMSM had been tested with the past year in Bangkok while only 27.1% of those in Chang Mai had done so. In the pooled Latin American YMSM study, Jacobson et al. [32] reported that rates of ever testing for HIV varied widely from city to city from 28.7 to 59.2%; high proportions of YMSM reported never testing for HIV.
Given these multiple gaps in knowledge of YMSM in LMICs, we report on HIV risk behavior, HIV testing practices, and HIV/STI prevalence among YMSM in the Buenos Aires, Argentina, metropolitan area as well as the prevalence of use of alcohol and a variety of drugs, correlates of drug and alcohol use, and the association between substance use and HIV risk behavior.
Study results will be contextualized by a landscape in which prevalence rates among young men increased significantly between 2005 and 2011, stabilized until 2014 and appear to be slightly decreasing currently. No figures are available specifically for YMSM although MSM transmission accounted for over 60% of the new HIV infections among men aged 15-24 from 2013 to 2015 [34] . Argentina, similarly to most of Latin America, has not experienced the significant changes in HIV testing policy seen in other parts of the world over the past decade. For example, rapid HIV testing has been in use in the U.S. since 2003 [35] and in Africa since 2006 [36] . However, in Argentina, its use was piloted in selected HIV testing centers only in 2013 with full implementation still in progress [34] . Similarly, PrEP is not currently available in Argentina nor are there policy statements suggesting its availability in the foreseeable future.
Methods
For the parent study from which this sub-sample of 18-25 year-old MSM is drawn, a total of 500 MSM were recruited between November 2007 and July 2009 through RDS. A total of 16 seeds were recruited by a local nonprofit using its networks of MSM acquaintances and based on individuals' likelihood of referring three others to the study, diversity of backgrounds, self-reported HIV status, and sexual identity. These seeds underwent all study procedures and were provided with three coupons to pass to members of their networks. Of the 16 seeds, seven did not recruit any participants. Referrals from the other seeds ranged from one to 25, except for one seed that generated 447 referrals (89.3% of the sample) which reached 22 waves of referrals. Eligibility criteria for the parent study included identifying as a man, being 18 years of age or older, having had sex in the prior six months with another man or a male-to-female (MTF) transvestite (transvestite was the term used in Buenos Aires at the time of the inquiry to refer to pre-operative individuals), having had sex at least 10 times with a man or MTF transvestite in his lifetime, residing in the Buenos Aires metropolitan area, having a recruitment coupon received from a prior participant (except for seeds), and agreeing to provide a blood sample for HIV and STI testing. Participants received the equivalent of US$20 for completing the study procedures and US$5 for each person they referred who qualified for the study. Written consent was obtained from all participants prior to enrollment in the study. For a detailed discussion of the formative qualitative work that preceded data collection and details regarding the use of RDS in this study, such as how the network size of participants was assessed, recruitment yields by seed, and weighting process for the data, see [37] . The procedures were approved by the Institutional Review Board of the New York State Psychiatric Institute and the Independent Research Ethics Committee of the Faculty of Medicine, Universidad de Buenos Aires, Argentina.
Instruments
Participants completed a Web-based survey lasting approximately 60-75 min. Those unable to use the computer received assistance from study staff who read the questions verbatim and entered the responses. The survey sections relevant to this manuscript are described below.
Sexual Identity
Participants indicated whether they considered themselves (1) gay/homosexual, (2) bisexual, (3) transvestite, (4) heterosexual, or (5) other.
Sexual Behavior
Participants were asked in separate questions if they had had sexual intercourse with men, women or MTF transvestites in the prior year. They were subsequently asked about their sexual behavior in the prior 2 months with each partner type, including number of partners and occurrences of oral, vaginal or anal sex; insertive or receptive intercourse; condom use; and in cases of condomless intercourse assumed HIV status of partners.
HIV Testing History
Participants were asked how many times they had been tested for HIV. Those with no prior HIV tests were asked the reasons for never testing and their assumed HIV status. Those who had had a prior HIV test were asked the month and year of first HIV test and the most recent test.
Substance Use
Participants were presented with a list of different substances one by one, beginning with alcohol. Those who indicated ever using a particular substance were asked the frequency of use in the past 2 months using a Likert scale ranging from 0 (Never/None) to 6 (More than once a day). For alcohol use participants were also asked about their typical level of intoxication when drinking with possible answers of 0 ("Too little to feel any effect"), 1 ("Enough to feel it a little"), 2 ("Enough to feel it a lot"), 3 ("Enough to get drunk"), and 4 ("Enough to feel like you might pass out"). Heavy alcohol use was defined as drinking once per week or more and a level of intoxication of 2, 3, or 4. Heavy drug use was defined as using an illicit drug once per week or more.
Mood
Mood was assessed with the Mood Survey [38] , which has two subscales: Mood Level (which assesses a respondent's typical mood) and Mood Reactivity (which assesses the intensity and frequency with which a respondent reacts to a mood experience). Loneliness was assessed using the UCLA Loneliness Scale Version 3 [39] . This scale consists of 20-items rated from 1 (Never) to 4 (Always). Ratings are added across the 20-items, with higher scores indicating greater loneliness.
Samples Collection and STIs Diagnoses
As detailed in Pando et al. [40] , a sample of anticoagulated blood was collected to test for HIV, HBV, HCV and T. pallidum infection.
Statistical Analyses
Data were weighted prior to analyses using SPSS. Weights were calculated as the inverse of the participant's personal network size (PNS). This value was then multiplied by the 1 3 sample size (N) divided by the sum of weights (Σw). The weighting formula is then:
This formula is based on the RDS II estimator [41] and produces results that reflect the original sample size of 500. One limitation of these analyses may be the sample size. The original sample size of 500 was proposed based on power analyses specifying a design effect of 2.0. However, it has been suggested that in some simulations RDS may require a design effect of 10 or higher [42] , so caution should be used in interpreting these findings as the true population values. In addition, weighting data based on a single network size value may not achieve unbiased estimates. As an RDS study, all results presented in the tables are based on weighted data. However, to identify findings that were affected by data weighting, all statistical comparisons were repeated using unweighted data, and any differences are reported in the results.
Logistic regression analyses were used to predict heavy alcohol and drug use. Simple logistic regressions, one for each independent variable, were conducted followed by multiple logistic regressions with all independent variables in the regression model simultaneously. Descriptive data for sexual behaviors and the correlations between those sexual behaviors and substance use were calculated separately for gay-and non-gay-identified men. Because sexual behavior frequencies typically had a skewed distribution, log-transformed variables were used for the correlations.
Results

Demographics
A total of 233 participants from the parent study were between 18 and 25 years of age and were included in this study. In general, these YMSM had limited education and were of lower than average socioeconomic status; only 30% had completed high school. Approximately 75% were unemployed or had only temporary work by self-report (Table 1) , and 82% reported incomes below 1000 Argentine pesos (US$286) per month, which was approximately the 25th percentile in income distribution in Argentina at the time of the study.
Sexual Identity and Behavior
Sixteen percent of participants identified as gay, 36% as bisexual, 25% as heterosexual, and 23% as "other" (e.g., "macho," "passive," "hombre"). In terms of sexual behavior, 16% of participants reported having had only male sexual (1∕PNS) * N ∑ w partners during the past two months, 20% reported having had both male and female partners, and nearly half (49%) reported having had male, female, and travesti sexual partners. Sexual identity categories did not fully overlap with sexual behavior (see Table 2 ): for example, among those who identified as bisexual approximately one third had sex with men and women and another third had sex with men, women, and travestis. Among men who identified as heterosexual or "other," over two thirds reported engaging in sex with men, women, and travesti partners. Results also demonstrate high prevalence of unprotected anal and vaginal intercourse. Overall, 79% of participants reported condomless anal or vaginal intercourse during the past 2 months with 36% of all those occasions occurring without condoms. 
HIV and STIs
Among the 226 participants who responded to questions about HIV testing history, 70% (n = 157) reported no prior HIV test, 14% (n = 32) one prior test, 6% (n = 14) two prior tests, and 10% (n = 23) reported three or more prior HIV tests. Six participants (3%; 95% CI 0.7-5%) tested HIV positive as part of this study, four of whom were not aware of their HIV infection. Furthermore, 19 (8%; 95% CI 4-12%) were infected with syphilis and 14 (6%; 95% CI 3-9%) with Hepatitis B; none were infected with Hepatitis C.
Prevalence and Correlates of Substance Use
Prevalence of Alcohol Use
As per Fig. 1 , over 80% of participants consumed alcohol during their lifetime and during the past 2 months, and 18% reported daily drinking. Approximately 26% of the overall sample (31% of those who drank in the past 2 months) engaged in heavy drinking, defined as one or more occasions per week in which they typically drank to the point of "feeling it a lot," "feeling drunk," or "feeling like they were going to pass out."
Prevalence of Drug Use
Seventy percent of the participants reported using drugs, and close to half reported poly-drug use over the previous 2 months (Fig. 1 ). Marijuana and cocaine (at 61 and 35%, respectively) were the most frequently used drugs. Pasta base (cocaine sulfate) and tranquilizers were also used by a significant portion of respondents; approximately 20% of participants reported ever using them, and 20 and 13% reported using them over the past 2 months, respectively. While 14% of participants reported no substance use and 18% reported only using alcohol, almost two-thirds of participants reported poly-substance use in the past 2 months.
Approximately 20% reported using alcohol, marijuana, cocaine, and other illicit drugs. The rate of use for the most frequently used substances was high (not shown): almost 70% of marijuana users did so at least weekly as did almost half of those who reported using pasta base, tranquilizers, and cocaine. Over 40% of participants who reported using marijuana did so daily as did approximately 20% of those who used pasta base or tranquilizers. Heavy drug use, defined as once per week or greater frequency, was reported by 49% of participants overall and by 74% of those who used drugs during the prior two months.
Correlates of Heavy Alcohol and Drug Use
As per Table 3 
Sexual Risk Behavior and Substance Use
After regression analyses showed greater likelihood to engage in heavy drug use among non-gay-identified men, participants were dichotomized based on their reported sexual orientation to compare them in terms of sexual risk behavior in relation to substance use. Table 4 presents correlations between frequency of alcohol and drug use and frequency of specific sexual risk behaviors among participants who reported engaging in sex with a particular type of partner (i.e., men, women, transvestites). Among gayidentified men, frequency of alcohol and drugs was related to an increase in the number of sexual partners (r = 0.43, p < 0.01 for alcohol; r = 38, p < 0.05 for drugs). Among non-gay identified men, greater alcohol use was inversely related to number of sexual partners and frequency of receptive CAI with men and transvestites (r = − 0.16, p ≤ 0.05). Also, higher frequency of drug use was related to more sex partners and more condomless sex with all partner types among non-gay identified men.
Discussion
This study was the first to use RDS as a recruitment method in Argentina at a time when RDS was being adopted by researchers throughout the region [43] . This method theoretically should result in a broader cross-section of members of the target population than typical venue-based or snowball recruitment [44, 45] , and the results in this case were consistent with expectations. The sample was heavily drawn from lower socioeconomic strata and included a majority of non-gay-identified men. The sample was therefore unusual and provided insights into an under-researched sector of MSM in this region of the world.
Of particular interest for this study was the finding that approximately two thirds of the group reported sex with both men and women (including half with trans women) even though only one third self-identified as bisexual, demonstrating that categories of sexual identity and behavior commonly understood in the scientific/academic community did not apply to this population. The finding has important implications for the development of interventions and programs aiming to reach MSM, which often rely on gay-identified community venues, publications, or organizations.
HIV testing among the Argentine YMSM in this study was far less frequent than in comparable samples from the U.S. and Europe. Only 16% of Argentine YMSM reported two or more lifetime tests whereas approximately 60% of YMSM in the U.S. report testing annually [27] . These low testing rates may have improved since the period of datagathering given that Argentina introduced rapid, point-ofcare testing in 2013 in a few testing sites in the major cities [34] . Sustained interventions to encourage first testing and to boost testing frequency among this population could reduce morbidity as well as future infections in Argentina as cases are diagnosed and treated earlier. To this end, interventions that bring HIV testing to resource-limited neighborhoods such as large-scale testing campaigns, home testing, or selftesting might be particularly useful, especially since these approaches have been effective at reaching individuals who have never been tested before [46] . Furthermore, recent findings that rapid HIV self-testing is highly acceptable among MSM in Argentina [47] highlight the potential use of selftesting to increase access and frequency to testing. Substance use patterns among Argentine YMSM in this study also differed from those reported in U.S.-based studies of similar populations though overall use was heavy for both. While marijuana use was in the range of 60% in the Argentine sample, similar to that of U.S. reports [7, 8, 22] , Argentine youth reported higher levels of cocaine use but less use of poppers and hallucinogens. Pasta base, a precursor substance in the elaboration of powder cocaine, is common in Argentina but unknown in North America. Polydrug use was high in both populations as well with two-thirds of Argentine respondents acknowledging multiple substance use in the past 2 months.
Argentine YMSM who were not gay-identified and those who had both men and women partners reported higher rates of substance use than those who were gay-identified or who only had male partners [6, 24, 48] . These findings may reflect alcohol and drug use as a way to mitigate internalized homophobia. Alternately, they may highlight an underlying factor of sensation seeking whereby those who seek the effects of alcohol and drugs may also seek greater sexual sensation through different types of sexual partners. Both of these factors were found to be related to alcohol and drug use among Latino MSM in the U.S. [49] . The high rates of alcohol and drug use highlight the need to identify individuals with problem substance use and engage them in care. Screening-Brief Intervention-Referral to Treatment (SBIRT) programs, in which a substance use screening instrument is completed by all individuals receiving a service (i.e., all patients admitted to an Emergency Room or receiving primary care services at a hospital), have proven efficacy in identifying such individuals and reducing their substance use, even in instances where only the Brief Intervention component is used [50] [51] [52] [53] . SBIRT interventions have also been used in STD clinics and shown efficacy in reducing rates of STD infections [54, 55] . In Argentina, however, where psychoanalysis remains the cornerstone of mental health treatment [56] , these study findings also highlight the need for briefer, evidence-based treatments for substance use that may be more accessible to the general population. The implications of the combined effects of high rates of substance use, high levels of sexual risk behavior, and low HIV testing rates among these YMSM are troubling for their potential to foreshadow increased HIV incidence and prevalence. Promising new strategies to drive down incidence such as Treatment as Prevention (TasP) or pre-and postexposure prophylaxis are unlikely to succeed if key populations remain largely disconnected from those who could provide such services. Without intense efforts to expand and routinize HIV testing that reaches these men successfully, many newly diagnosed persons will face delays in accessing the care that can preserve their health and interrupt the chain of new infections.
While important differences exist between the population reflected in these data and comparable YMSM populations in the developed world, the findings suggest an urgent need for prevention initiatives among Latin American YMSM that address the multifaceted nature of the risk involved supported by sustained public health commitments to provide ongoing diagnostic and clinical services.
There are a number of limitations to these findings. Although the HIV prevention landscape has not changed much in Argentina since this data was collected, a current assessment of substance use and HIV risk behavior among this population might yield different results. In addition, although RDS aims to reduce the biases present in other recruitment methodologies, we cannot be certain that this is a representative sample of YMSM in Buenos Aires. Furthermore, the data is based on self-report and subject to recall and social desirability biases. Lastly, our use of a global assessment of the relationship between substance use and sexual risk behavior may obscure associations that may be found using situational or event-level studies. Nonetheless, these findings can provide a baseline regarding substance use and HIV risk behavior among YMSM to which future data can be compared. Given the dearth of studies of YMSM in LMIC and specifically in Latin America, we believe these findings begin to address important gaps in knowledge. 
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